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1 Introduction

In the last RAN1 meeting we submitted a contribution comparing the channel estimation performance of two reference signal (RS) schemes for data demodulation, common RS and dedicated RS [2]. In this contribution, we update the results considering new numerology on TTI and resource block size as agreed. 
2 Simulation Results 
The RS structure considered in this contribution is in line with that assumed in SI [1].  The reference symbols are transmitted every 6 subcarriers in the 1st and the last 3rd OFDM symbols. For the purpose of comparison, the same structure and overhead are applied to both schemes. Detailed parameters are provided in Table 2. 
The block error rate performance of the common RS and the dedicated RS is summarized in Table 1 based on Figure 1 to Figure 3 for different number of allocated resource blocks. 
The observations from the results are as follows:
· The performance difference between two RS schemes will mainly depend on if averaging of RS in adjacent TTIs is possible or not. The performance of the common RS is clearly improved as the number of TTIs used for combining in time domain increases; on the other hand, the dedicated RS structure should boost RS power to be comparable to the common RS.
· There is a gap between the common RS and the dedicated RS even in case that only RS in current TTI is used for channel estimation, which is due to whether or not the interpolation between the RSs of neighboring resource blocks is possible. It is especially seen when number of resource blocks allocated continuously is small.

Table 1 Required SNR @ x% BLER  
	Number of allocated RBs (code block size)
	TU3
	TU30

	
	ComRS (3TTIs)
	DedRS
	Gain of ComRS
	ComRS (2TTIs)
	DedRS
	Gain of ComRs

	1 RB (120 bits); x=10
	5dB
	6.2dB
	1.2dB
	5.1 dB
	6.4dB
	1.3dB

	1 RB (120 bits); x=2
	8.2 dB
	10 dB
	1.8dB
	8.7 dB
	10.2 dB
	1.5dB

	2 RBs (240 bits); x=10 
	4.5 dB
	5.5 dB
	1dB
	4.5 dB
	5.4 dB
	0.9dB

	2 RBs (240 bits); x=1 
	8.1 dB
	9.3 dB
	1.2dB
	8.6 dB
	9.5 dB
	0.9dB

	5 RBs (600 bits); x=10
	4.0 dB
	4.8 dB
	0.8dB
	3.9 dB
	4.6 dB
	0.7dB

	5 RBs (600 bits); x=1 
	6.6 dB
	7.6 dB
	1dB
	6.9 dB
	7.7 dB
	0.8dB
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Figure 1 BLER performance in TU3/TU30 (1 RB allocated)
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ComRS vs. DedRS : TU30, 2 RB allocated
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Figure 2 BLER performance in TU3/TU30 (2 RBs allocated)
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ComRS vs. Ded Rs : TU30, 5 RB allocated
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Figure 3 BLER performance in TU3/TU30 (5 RBs allocated)

3 Conclusion
Based on the results, it seems clear that dedicated reference signal requires larger resource and/or power overhead for reference signal due to absence of inter-TTI and inter-RB interpolation/averaging. It also should be noted that the use of the dedicated RS requires an additional overhead for the common RS for channel quality measurement. 
From the results of this contribution, “common reference signal only” is preferred from channel estimation point of view. 
References
[1] TR25.814, “Physical Layer Aspects for EUTRA”
[2] R1-062221, SAMSUNG, “Downlink reference signal :Time-Frequency averaging/interpolation“
Annex. System parameters for simulation

Table 2: Parameters
	Parameter
	Assumption

	Subframe duration (msec)
	0.5

	TTI duration (msec)
	1.0

	FFT size
	1024

	OFDM sample rate (Msamples/sec)
	15.36

	CP duration ((sec/ samples)
	(4.75/73) ( 6, (4.82/74) ( 1

	Subcarrier separation (kHz)
	15

	# of OFDM symbols per subframe
	7

	OFDM symbol duration ((sec)
	66.67

	# of useful subcarriers per OFDM symbol
	600

	Transmission bandwidth (MHz)
	9.015

	Bandwidth for Resource Block (KHz)
	180

	Number of total Resource Blocks
	50

	Transmission scheme
	Localized transmission

	Number of allocated Resource blocks
	1(180kHz)/2(360kHz)/5(900kHz)

	Number of information bits
	120/240/600

	MCS level
	QPSK, R=1/2

	Number of Antennas (Tx, Rx)
	(1,2)

	Channel model
	TU 3/30





























































































































































































































































































































































































































